glutarate. Pyruvate, glyoxylate and oxaloacetate were completely inactive as amino acceptors with tryptophan. The reverse reaction with indolylpyruvic acid as amino acceptor and various amino acids as donors was also highest when phenylalanine was used as the amino donor. However, the tryptophan-oa-oxoglutarate-transaminase activity could be separated from the other activities by the method of purification reported below.
MATERIALS AND METHODS
Organism. Agrobacterium tumefaciens strain B,, was used throughout this work. The virulence of the organism was shown by the development of galls after the inoculation of a suspension of the bacterium on tomato (Lycopersicum esculentum) and sunflower (Helianthus annuus) plants.
Bacteria were grown for 48 hr. on potato-sucrose-agar slants r200 g. of potatoes was autoclaved with 11. of water, and sucrose (1 %) and agar (British Drug Houses Ltd.) (1-5%) were added to the extract and autoclaved for 30 min. at 1210], and the 48 hr. cultures were transferred to 500 ml. Erlenmeyer flasks each containing 100 ml. of media with nitrate as the sole nitrogen source (Salle, 1954) and incubated under static conditions for 48 hr. at 30°. Bacteria were collected by centrifugation at 5000g for 15 min. and washed with Ol M-phosphate buffer, pH 70. Extracts were prepared by suspending the cells in the same buffer, at a cell density of 100 mg. wet wt. of cells/ml., and exposing them for 20 min. to sonic vibration in a Raytheon 10 keyc./sec. oscillator. After the removal of cell debris by centrifugation in the cold (0-4°) at 13 OOOg for 15 min. the supernatant was used for further purification.
Substrates and cofactors. L-Tryptophan, oc-oxoglutarate and pyridoxal phosphate were obtained from Hofmann-La Roche Co. Ltd. Phenylpyruvate was prepared by the method ofHerbst & Shemin (1943) ; the purity ofthe phenylpyruvate was checked spectrophotometrically according to the method of Lin, Pitt, Civen & Knox (1958) .
Assay oftryptophan-phenylpyruvate-transaminase activity. The enzyme assay was performed in a reaction mixture (2-0 ml.) containing 1 iLmole of L-tryptophan, 2 jumoles of phenylpyruvate, 0 05,mole of pyridoxal phosphate, 25,moles of veronal-HCl buffer, pH 9-6, 0-5 ml. of enzyme preparation and water. Incubation was carried out at 450 for 60 min. The reaction was stopped by the addition of 0-5 ml. of 15% (w/v) trichloroacetic acid. Then 4 ml. of peroxide-free ether was added to each tube. The tubes were shaken and the layers separated by centrifugation.
Samples from the aqueous layer were taken for the colorimetric estimation of tryptophan according to the method of Horn & Jones (1945) . In the controls the enzyme was added after the addition of trichloroacetic acid.
Estimation of phenylpyruvate. Phenylpyruvate was estimated spectrophotometrically by the method of Lin et al. (1958) . The deproteinized reaction mixture was suitably diluted and treated with hog-kidney tautomerase Knox & Pitt (1957) . Borate was added to give a final concentration of 0-57M, the pH adjusted to 6-3 and the extinction measured at 310 m,u.
E8timation of phenylalanine. The amino acid was identified and estimated by a circular-paper-chromatographic technique (Giri & Rao, 1952) Lowry, Rosebrough, Farr & Randall (1951) , with crystalline bovine serum albumin as standard.
RESULTS
Purification procedure for the aminotran8fera8e.
All the steps were carried out in the cold (0-5°).
Step 1. It was observed that treatment of the crude extract with tricalcium phosphate gel at pH values above 6-5 resulted in the retention of some of the inactive proteins by the gel but little adsorption of the aminotransferase. The total activity of the supernatant, compared with that of the crude extract, increased, presumably owing to the removal of an inhibitor.
The crude extract was treated with half its volume of tricalcium phosphate gel (14 mg./ml.) (Keilin & Hartree, 1938) . After being stirred for 15 min., the suspension was centrifuged and the precipitate discarded. This negative adsorption of the extract resulted in a 6-6-fold purification.
Step 2. The pH of the supernatant from step 1 was adjusted to 5 by the dropwise addition of 6N-acetic acid. The precipitated inactive protein was removed by centrifugation at 13 OOOg for 15 min.
Step 3. The supernatant from step 2 was treated with twice its volume of tricalcium phosphate gel. The suspension was stirred for 20 min. and centrifuged. The supernatant was discarded. The enzyme was eluted by stirring the gel with 0-1 M-phosphate buffer, pH 8-0, for 15 min. and centrifuging.
Step 4. The eluate was subjected to a second negative adsorption by adjusting the pH of the enzyme to 7-0 with acetic acid and treating with an equal volume of tricalcium phosphate gel for 15 min. The supernatant obtained after centrifugation of the suspension was used for further purification.
Step 5. The supernatant from step 4 was adjusted to pH 5-0 with 6N-acetic acid and treated with alumina C> gel (0.2 ml. of gel/ml. of enzyme) (Willstatter, Kraut & Erbasher, 1925) . The mixture was centrifuged after 15 min. and the supernatant discarded. The enzyme was eluted from the gel by treatment with 0-1 M-phosphate buffer, pH 8-0, for 15 min., followed by centrifugation.
A summary of the steps involved, the degree of purification achieved and the percentage recovery obtained are given in Table 1 .
Though the crude extract was stable for more than 3 months at -300, the partially purified preparation lost activity either on freezing or on storing at 0-4°for more than 72 hr.
Specificity. As mentioned above, the crude extract was active with tryptophan as donor and o-oxoglutarate, phenylpyruvate, dimethylpyruvate and p-hydroxyphenylpyruvate as amino acceptors. The tryptophan-a-oxoglutarate aminotransferase could be completely eliminated during the second step of purification, which involved lowering of the pH of the extract to 5.0, when the tryptophana-oxoglutarate transaminase was precipitated.
The activities with respect to the other three oxo acids followed the same pattern during purification.
The ability of phenylpyruvate to act as an acceptor of the amino group from tryptophan, histidine, methionine, leucine, valine, isoleucine and tyrosine was studied in more detail. Table 2 shows that, although the activities with the various amino acids follow the same trend during purification and during heat denaturation, the ratios for heat-treated enzyme to heat-denatured enzyme vary from 2-7 to 8. Similarly, the ratios for purified enzyme to crude enzyme vary from 1-8 to 3-3. This suggests the involvement of more than one enzyme in the transamination reactions.
38-2 Table 2 . Phenylalanine formation from phenylpyruvate and different amino donor8 with crude, partially purified, heat-treated and heat-denatured enzyme preparation8
The reaction mixture (2-0 ml.) contained 2 ,umoles of phenylpyruvate, 2 jLmoles of the amino donor, 0-1 ,tmole of pyridoxal phosphate (the cofactor was omitted in the heat-treated samples), 25 ,umoles of veronal-HCl buffer, pH 9-6, and 0 5 ml. of enzyme. Incubation was for 60 min. at 45°. The heat-treated enzyme was prepared from partially purified enzyme (0-5 ml.) by heating at 600 for 5 min. in the presence of pyridoxal phosphate and then chilling. The heat-denatured enzyme was prepared from partially purified enzyme (0-5 ml.) by heating at 600 for Table 3 . Specificity of the partially purified aminotran8fera8e
The reaction mixtures were the same as those in Table 2 except that 0-5 ml. of alumina Cr-gel eluate was used. Glutamic acid, aspartic acid, alanine, threonine, arginine, glutamine and serine were practically inactive (Table 3) .
Stoicheiometry. A correlation was observed in the disappearance of tryptophan and phenylpyruvate (Table 4) . Indolylpyruvic acid, being very unstable under the experimental conditions, continued to decompose with time and hence was not estimated.
pH-activity curve. The activity of the enzyme at various pH values was studied by using 0-1 Mphosphate buffer (pH 5-8-8.0), 0-05M-tris-hydrochloric acid buffer (pH 8.0-9-1), 0-05M-veronalhydrochloric acid buffer (pH 8-0-9-6) and 0-05M-glycine-sodium hydroxide buffer (pH 8-6-10-6).
A steady increase in activity was observed up to pH 9-6 and there was a fall in activity at higher pH values. However, the activity was significant even at pH 10-6 (Fig. 1) .
Effect of temperature. The activity of the enzyme increased with temperature from 250 to 500. At higher temperatures the activity levelled off (Fig. 2) .
Heat 8tability of the enzyme. The enzyme was found to be markedly heat-stable in the presence of substrates or pyridoxal phosphate. Heating the enzyme in the absence of substrates or pyridoxal phosphate for even 5 min. resulted in a fall in activity, and complete inactivation was observed at 700 (Table 5) .
Though all the three components of the reaction mixture, namely tryptophan, phenylpyruvate and pyridoxal phosphate, afforded protection against heat inactivation, pyridoxal phosphate was the most effective, phenylpyruvate and tryptophan being less effective in that order. Since incubation of the enzyme with pyridoxal phosphate at 450 for 30 min. did not result in any decrease in activity, routine enzyme assays were performed at this temperature.
Effect of enzyme concentration. The activity of the enzyme was proportional to enzyme concentration when 25-100,ug. of protein was used. DISCUSSION Accumulation of indolylpyruvic acid in culture filtrates of A. tumefacien8 grown on media containing tryptophan has been demonstrated by Kaper & Veldstra (1958) . Their conclusion was based on the comparison of the chromatographic pattern of the decomposition products of indolylpyruvic acid with those of the bacterial metabolites. But the enzymic conversion of tryptophan into indolylpyruvic acid has not been demonstrated. Though indolylpyruvic acid formation could be estimated in the transaminase system involving tryptophan and a-oxoglutarate by using a colorimetric method (N. K. Sukanya & C. S. Vaidyanathan, unpublished work), the method was not suitable in the present system owing to interference of the colour development Fig. 1 . pH-activity curve for the tryptophan-phenylpyruvate-transaminase reaction. The reaction mixture (2-0 ml.) contained Iumole of L-tryptophan, 2/umoles of phenylpyruvate, 0-05umole of pyridoxal phosphate, glycine-NaOH buffer (005m) at the pH values indicated and 0-5 ml. ofthe partiallypurifiedenzyme. Incubation was at 45°for 60 min. Fig. 2 . Effect of temperature on the rate of the tryptophanphenylpyruvate-transaminase reaction. The reaction mixture (2-0 ml.) contained l,mole of L-tryptophan, 2,-moles of phenylpyruvate, 0*05/Lmole of pyridoxal phosphate, 25ttmoles of veronal-HCl buffer, pH 9-6, and 0.5 ml. of enzyme. Incubation was for 60 min. at the indicated temperatures. by phenylpyruvic acid. However, since the stoicheiometry was convincing, the rate of tryptophan disappearance was followed in the estimation of enzyme activity. The pathway for the metabolism of tryptophan to indolylacetic acid by A. tumefacien8 appears to be via transamination, since the tryptamine pathway could not be demonstrated and more than one enzyme catalysing transamination reactions with tryptophan and various oxo acids was present in crude extracts. Though the oxo acid which is the amino acceptor for the reaction is generally derived from intermediates in carbohydrate metabolism, in the present investigation phenylpyruvate was found to be a better acceptor of the amino group; oc-oxoglutarate was less active and pyruvate and oxaloacetate were completely inactive. A partially purified transaminase preparation has been observed not to be capable of utilizing oc-oxoglutarate as amino acceptor. Though higher activity with phenylpyruvate was observed with tryptophan as amino donor, an absolute specificity for the two compounds was lacking, since the enzyme was equally active with isoleucine, valine or leucine as amino donor. In this respect the enzyme resembles the transaminase isolated from Neurospora by Seecof & Wagner (1959) and by Fincham & Boulter (1956) from the same source. But the latter workers studied glutamate formation with various amino donors.
The optimum pH for the activity of the enzyme was 9-6. Though a decrease in activity was observed at higher pH values, the activity was significant even at pH 10-6. Lack of a sharp fall in activity at high pH values can be compared with that of the tyrosine-oc-oxoglutarate transaminase reported by Sentheshanmuganathan (1960) .
In its heat stability the enzyme resembles glutamate-oxaloacetate transaminase (Jenkins, Yphantis & Sizer, 1959) and tyrosine-oc-oxoglutarate transaminase (Sentheshanmuganathan, 1960; Kenney, 1962) . This property has been advantageously employed by these authors for the removal of inactive proteins from their enzyme preparations.
Protection against thermal denaturation afforded by substrates is similar to that observed with glutamate-oxaloacetate transaminase from pig heart (Jenkins et al. 1959 ) and tyrosine-oc-oxoglutarate transaminase isolated from rat liver (Kenney, 1962) .
The activity of the enzyme at elevated temperatures and the prevention of denaturation even at such a high temperature as 700 in the presence of pyridoxal phosphate, phenylpyruvate or tryptophan could be explained as being due to protection afforded by cofactors or substrates against thermal denaturation (Burton, 1951) . SUMMARY 1. Evidence is presented to show that the first step involved in the conversion of tryptophan into indolylacetic acid by Agrobacterium tumefacien8 involves transamination.
2. A 68-fold purification of an aminotransferase, exhibiting a broad specificity with comparable transaminase activities with tryptophan, valine, leucine and isoleucine as amino donors and phenylpyruvate as acceptor, was achieved.
3. The optimum pH for the enzyme activity is 9-6. The activity at higher pH values, though less than optimurn, is significant.
4. Substrates and pyridoxal phosphate stabilize the enzyme against thermal denaturation.
